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Abstract

The interest in replacing artificial colorants, which can have mutagenic, carcinogenic, and teratogenic
effect, has driven the search for safe natural pigments. In this context, this preliminary study aimed
to explore the chromatographic identification of anthocyanins and anthocyanidins from Dioscorea
trifida L. (purple sachapapa) and to evaluate a preliminary bioinorganic stabilization method using
magnesium complexes. Samples were collected in Nuevo Oriente, District of Mazan, Loreto Region,
and tubers were mechanically processed. Extraction was performed with HCl-acidified methanol.
Pigment identification was carried out using paper chromatography with BAW and 1% HCl systems
for anthocyanins, and formic acid and forestal systems for anthocyanidins, comparing Rf values and
color with scientific literature. The identified anthocyanidins were cyanidin, peonidin, malvidin and
pelargonidin, and their corresponding glucosides were cyanidin-3-rhamnosyl-glucoside,
pelargonidin-3,5-diglucoside, malvidin-3,5-diglucoside, and peonidin-3,5-diglucoside. Stabilization
was explored via a hexacoordinated complex [n®(anthocyanin)sMg?*].6Cl, whose formation is based
on the stoichiometry pf the reactants and the sp3d? structure of Mg?, according to bioinorganic
chemistry studies. Preliminary results suggest that this method can enhance anthocyanin stability
and provide a foundation for future toxicity studies and applications in the natural colorant industry.

Keywords: Dioscorea trifida L.; anthocyanins; anthocyanidins; magnesium complexation; bioinorganic
stabilization; natural food colorant

1. Introduction

Anthocyanins are water-soluble polyphenolic pigments belonging to the flavonoid family,
responsible for the red, purple, and blue coloration in a wide variety of plant tissues [1]. These natural
pigments have gained considerable attention in recent years, not only for their role as food colorants
but also for their significant antioxidant, anti-inflammatory, and potential anticancer properties [2,3].
The growing consumer demand for natural food additives, together with increasing concerns about
the safety of synthetic dyes—many of which have been associated with mutagenic and carcinogenic
effects in laboratory studies [4,5], has intensified research efforts toward identifying, characterizing,
and utilizing anthocyanins from diverse botanical sources. Unlike artificial dyes such as tartrazine
and erythrosine, which have raised toxicological concerns, anthocyanins present a safe and health-
promoting alternative for the food, pharmaceutical, and cosmetic industries [6].

Despite their numerous advantages, the industrial application of anthocyanins faces significant
challenges due to their inherent chemical instability. Anthocyanin stability is profoundly affected by
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environmental factors including pH, temperature, light exposure, oxygen availability, and the
presence of enzymes [2,7]. These pigments exist in various structural forms depending on pH: the
red flavylium, cation predominates under acidic conditions, while neutral to alkaline pH values favor
the formation of colorless or blue quinoidal bases and chalcones, leading to color fading [8].
Additionally, anthocyanins are susceptible to thermal degradation during food processing and
storage, which limits their practical utility [9]. Consequently, developing effective stabilization
strategies is crucial for expanding the commercial applications of these valuable natural compounds.

One promising approach to enhance anthocyanin stability involves the formation of metal-
anthocyanin complexes (metalloanthocyanins). Anthocyanins containing ortho-dihydroxyl groups
on the B-ring can chelate divalent and trivalent metal ions such as Mg?, Fe, Fe, Al*, Cu?, and Sn%,
forming stable coordination complexes [10,11]. These metal complexes not only improve color
stability across a broader pH range but also induce bathochromic shifts, often resulting in intensified
and more vivid hues [12,13]. Magnesium ions, in particular, have been shown to form
hexacoordinated complexes witch anthocyanins through coordination bonds involving oxygen
atoms from hydroxyl and carbonyl groups, thereby protecting the chromophore from degradation
[14,15]. This stabilization complex found in blue flowers, which demonstrates remarkable color
stability [16].

Whitin the genus Dioscorea, several species are recognized for their colored tubers rich in
bioactive compounds. Dioscorea alata L. (Purple yam) and Dioscorea trifida L. (Sachapapa or cush-cush
yam) have received particular attention for their anthocyanin content. Previous phytochemical
investigations using high-performance liquid chromatography couple with mass spectrometry
(HPLC-DAD-ESI/MS) have identified multiple anthocyanin derivatives in D. alata, with cyanidin-
based glycosides, particularly alatanin C (cyanidin 3-(6-sinapoyl gentiobioside)), as the predominant
pigments [17,18]. Similarly, research on D. trifida L. from Peru has revealed the presence of at least 12
anthocyanin compounds derived from peonidin, cyanidin, and pelargonidin aglycones, many
bearing acyl moieties that contribute to their stability and color properties [19]. However,
comprehensive studies on the stabilization of anthocyanins from D. trifida through metal
complexation remain limited, representing a significant gap in the current literature.

Give the promising bioactive profile of Dioscorea trifida L. anthocyanins and the need for effective
stabilization methods, the present study was designed with a preliminary and exploratory approach
witch two primary objectives: (a) to identify and characterize the anthocyanin components presents
in purple sachapapa tubers using paper chromatography as an initial separation technique,
employing BAW and HCl 1% systems for anthocyanins and formic/forestal systems for
anthocyanidins; and (b) to stabilize the extracted anthocyanins metal-anthocyanin complexes that
enhance both color intensity and chemical stability. By achieving these goals, this work aims to
contribute valuable insights into the practical application of D. trifida L. anthocyanins as stable,
natural colorants and functional ingredients with potential health benefits.

2. Results

2.1. Extraction Yield of Anthocyanins

A total of 9.0 f of dry anthocyanin pigment was obtained from 500 g of fresh Dioscorea trifida L.
tuber, corresponding to yield of 6.0% (w/w) relative to the dry mass.

2.2. Chromatographic Characterization of Anthocyanins and Anthocyanidins

Paper chromatography of the concentrated methanolic extract produced four noticeable bands
ranging from violet to pink for anthocyanins and anthocyanidins, respectively. The experimental Rf
values and provisional identifications (based on comparison with bibliographic Rf ranges and color)
are summarized in Table 1.
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Figure 1. Tentative structure of the main anthocyanins identified in Dioscorea trifida L. by paper chromatography:
(a) Peonidin-3,5-diglucoside; (b) Malvidin-3,5-diglucoside; (c) Cyanidin-3-rhamnosyl-glucoside and (d)
Pelargonidin-3,5-diglucoside.

Table 1. Experimental Rf values and tentative identification of anthocyanins and anthocyanidins from Dioscorea

trifida L.
Values Rf x100
Anthocyanins From D. trifida L. Bibliographic source
BAW=2  HCl1% BAW HCl 1%
Peonidin-3,5- 23 17 23 17
diglucoside Carreno and Grau (1977) [20]  Harborne (1984) [21]
Malvidin-3,5- 31 ” 31 22
diglucoside Carrefio and Grau (1977) [20]  Bate-Smith (1948) [22]
Cﬁ’ anidin-?- 3 19 D . 32d Cain (1966 Daraving:l: and Cain
rgfi;‘;?;' aravingas ?;3] ain (1966)  1966) [23], Harborne
(1984) [21]
Pelargonidin-3,5- 34 23 34 23
diglucoside Asen (1958) [24] Harborne (1984) [21]
Anthocyanidins Forestal® Formic ¢ Forestal Formic
49 22
Harborne (1984) [21], Harborne (1984) [21],
Cyanidin 49 22 Markakis and Jurd (1974) [25], Markakis and Jurd (1974)
Smith and Luh (1965) [26] and [25], Smith and Luh (1965)
Dekazos (1970) [27] [26]
60 27
Malvidin 60 27 Harborne (1984) [21], Markakis and Jurd (1974) [25],
Smith and Luh (1965) [26]
63 30
Harborne (1984) [21],
Peonidin 63 30 Harborne (1984) [21], Markakis and Jurd (1974)

Smith and Luh (1965) [26]

Markakis and Jurd (1974) [25], [25], Smith and Luh (1965)
[26] and Dekazos (1970)

[27]

© 2025 by the author(s).
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68 33
Harborne (1984) [21],
Pelargonidin 68 33 Markakis and Jurd (1974) [25]
and Lawanson and Osude
(1972) [28]

2 BAW: n-butanol-acetic acid-water, top layer (4:1:5). ® Forestal: HCI concentrated-acetic acid-water (3:3:10). ©

Harborne (1984) [21],
Markakis and Jurd (1974)
[25]

Formic: HCI concentrated-formic acid-water (2:5:3). Note: identifications are provisional and based on
comparison of experimental Rf values and color with the cited literature; no spectroscopic (MS, NRM)

confirmation was performed.

2.3. Formation and Characteristics of the Magnesium-Anthocyanin Complex

The coordination complex [n¢(anthocyanin)sMg(II)].6Cl- was obtained according to the
stoichiometric principles of the reaction balance of magnesium oxide and hydrochloric acid (Figure
2). The resulting solid was an intense blue powder, soluble in water an ethanol, had a pH of 3.78, and
produced 2.086g of the complex, which is consistent witch the calculated stoichiometric mass balance:

6 MgO + 6HCl — 6Mg? + 6Cl- + 3H20 + 301
6Mg? + 6Cl-+ Anthocyanin — complex [né(anthocyanin)sMg(II)].6Cl-

Figure 2. Theoretical structure of the coordination complex [n°(anthocyanin)sMg(II)].6Cl-. The Mg? center has
an octahedral coordination geometry through oxygen donor atoms of the 3’,4’-dihydroxyl groups (catechol
residues) of six anthocyanin ligands. After oxidation, Mg?* loses two 3s electrons, generating six accessible
orbitales (3px, 3py, 3pz 3dxy and 3dy-) that participate in coordination, while the 3dx,, 3d:%y? and 3d-? orbitals
remain non-bonding. The six anthocyanin molecules form the inner coordination sphere, while the chloride
anions constitute the outer sphere, ensuring charge neutrality. The model was constructed in ChemSketch and
represents a hypothetical configuration illustrating the possible coordination behavior of Mg? with

anthocyanins.
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2.4. Spectrophotometric Stability and Shelf-Life Projection

The absorbance of the Mg2-anthocyanin complex at Amax showed a slight and gradual decrease
from 2.000 at synthesis (month 0) to 1.976 after ten months of storage (Table 2 and Figure 3). The
degradation trend was fitted by linear regression using the least-squares method, resulting in the
equation A =1.999 — 0.0025t with a correlation coefficient R? = 0.998. The negative slope indicates a
slows and consistent decline in absorbance over time, suggesting high pigment stability under
ambient conditions.

Table 2. Variation in measured and projected absorbance values of the Mg(II)-anthocyanin complex over time.

Time (months) Measured absorbance Projected absorbance
0 2.000 2.000
4 1.990 1.990
6 1.980 1.985
8 1.978 1.980
10 1.976 1.975
20 - 1.950
30 - 1.925
36 - 1.900

A variation of 0.1 absorbance units was considered the degradation limit, corresponding to a
projected shelf life of approximately 36 months for the stabilized pigment.
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Figure 3. Linear degradation profile of the Mg-anthocyanin complex based on absorbance (A-max) versus storage
time. The regression equation (y = 1.999 — 0.0025t; R? = 0.998) was used to estimate the degradation rate and
predict a shelf life of approximately 36 months, defined by a 0.1 absorbance unit variation threshold.

3. Discussion

The extraction yield of anthocyanin pigments is critical parameter for assessing the
biotechnological potential of plant matrices as sustainable sources of natural colorants. In the present
exploratory study, 9g of colorant were obtained from 150 g of dry Dioscorea trifida L. tubers samples,
representing a yield of 6%, higher than that reported by Alberca [29], who extracted 253.584 mg of
total anthocyanins per 100 g of sample without achieving isolation, resulting in crude dyes without
exploring anthocyanin characterization. Likewise, interspecific comparison within the Dioscorea
genus shows that the 5.22% yield reported for D. alata [30] is lower than that recorded for D. trifida L.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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in this work. Nevertheless, it is important to recognize that extraction yield depends not only on the
endogenous anthocyanin concentration but also on methodological factors such as solvent polarity,
contact time, extraction temperature, and degree of tissue fragmentation. Recent studies have
demonstrated that ultrasound or microwave-assisted techniques can significantly enhance
anthocyanin recovery efficiency in Dioscorea tubers while reducing both processing time and solvent
consumption [31,32]. These variations reflect the high sensitivity of the process to experimental
conditions and the intrinsic variability of the plant matrix.

A distinctive aspect of this study lies in the purification strategy applied. Whereas previous
research was limited to obtaining crude extracts in paste or powder form without identifying or
stabilizing the anthocyanins [33,34], the present work successfully isolated four major components
using paper chromatography, a classical yet effective technique for pigment separation. Furthermore,
this study incorporated a stabilization strategy through complexation with divalent metal ions (Mg?*),
a methodological innovation that extends the temporal stability of the isolated colorant and opens
new possibilities for developing colorants based on coordination complexes with biocompatible
metals.

Closely related to the above, the identification of isolated anthocyanins and the understanding
of pigment profile variability are essential for correlating yield with molecular composition. The
anthocyanins identified from Dioscorea trifida L. were cyanidin-3-rhamnosylglucoside, peonidin-3,5-
diglucoside, malvidin-3,5-diglucoside, and pelargonidin-3,5-diglucoside, as determined by paper
chromatography using BAW (n-butanol-acetic acid-water) and 1% hydrochloric acid system, with
characteristic Rfx100 values for each compound. Although traditional chromatographic techniques
were employed, the results are consistent with structural patterns described for Dioscorea species, in
which glycosylated derivatives of cyanidin, peonidin, malvidin and pelargonidin predominate.

Moreover, comparison with previous studies reveals remarkable intraspecific variability in
pigment profiles. Samples of Dioscorea trifida L. from Venezuela yielded three anthocyanins derived
from peonidin and malvidin [20], whereas plant material from the Alto Huallaga region (Pert)
showed twelve anthocyanins derived from cyanidin, peonidin and pelargonidin [19], a qualitatively
more diverse profile than found in this work. This heterogeneity has been widely documented in
anthocyanin-rich plants, where genetic, environmental, and edaphic factors modulate both
biosynthesis and accumulation of these pigments [35-38].

At the molecular level, anthocyanin biosynthesis is regulated by a complex network of
transcription factors sensitive to light, temperature, water stress and mineral availability [39]. In D.
alata L. light exposure induces the expression of the genes such as UDP-glycosyl transferase,
flavanone-3-hydroxylase and anthocyanidin synthase, increasing pigment accumulation as a
function of irradiance [40,41]. Similarly, various enzymes mediate post-biosynthetic modifications
such as glycosylation, hydroxylation, acylation and methylation that determine the solubility,
stability and toxicity of pigments [42].

In addition, soil pH exerts a marked influence: acidic soils favor the cationic flavylium form,
whereas neutral and display distinct hues [35,43]. The presence of metal such Fe, Al and Mg in the
soil can induce in planta formation of metalloanthocyanin complexes, thereby modifying color and
stability [44]. These processes explain the chromatic variability observed among different populations
of D. trifida L.

In other regions, even greater structural diversity has been reported. In Dioscorea trifida L. from
the Philippines, eight anthocyanins were identified, four acylated with hydrocycinnamic acids and
four uncharacterized [30]. Acylation, mediated by specific acyltransferases, enhances thermal and pH
stability by sterically shielding the flavylium core through m-m interactions. In D. alata L. from
Thailand, eleven anthocyanins were identified by, including glucosylated cyanidins and alatanin-
type compounds, exclusive to this species [17]. This highlights the biosynthetic complexity of
Dioscorea and the role of intrinsic genetic factors in determining glycosylation and substitution
patterns [45,46].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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From an analytical perspective, paper chromatography is useful for preparative isolation, but
definitive structural confirmation requires advanced techniques such as MS/MS, NMR and UV-Vis
spectroscopy, which allow determination of fragmentation patterns, substituent configurations and
characteristic absorption maxima. The integration of these techniques has enabled the discovery of
novel anthocyanins in Dioscorea, expanding our understanding of their chemical diversity and
biotechnological potential [40].

In this context, anthocyanin stabilization plays a fundamental role, as molecular structure
directly conditions color persistence and technological applicability. The characteristic coloration of
flower and tuber, except in the Caryophyllales, is primarily due to anthocyanin accumulation in
cellular vacuoles [21,47]. However, once extracted, their chemical stability is compromised by light,
temperature, oxygen and pH [48], which limits their industrial use as natural colorants and drives
the search for more efficient stabilization strategies.

Among the most widely explored strategies is the formation of inclusion complexes, in which a
host molecule (polysaccharide or protein) encapsulates the anthocyanin via noncovalent interactions.
Agents such as gelatin, carboxymethylcellulose, maltodextrin, gum arabic, tragacanth gum, citrus
pectin and calcium alginate pearls have been employed [49-55]. This method reduces pigment
exposure to oxygen and UV radiation, slowing degradation. Nonetheless, its effectiveness is
temporally limited. Colorants from Morus nigra L. and Rubus fruticosus L. encapsuled with
maltodextrin or gum arabic degraded completely within 9 to 33 days, depending on temperature [52].
Similarly, eggplant dye encapsulated with maltodextrin and tragacanth gum stored at 25°C and 4°C
had degraded by 46% and 22.5% respectively, within 40 days [51], and carrot dye encapsulated with
maltodextrin showed losses of up to 33% at 25°C in 64 days [55]. Although combinations of
maltodextrin with protein such as whey protein insolate (WPI) improve stability, they rarely exceed
six months of shelf life [56].

Degradation causes include oxidation and quinone formation (particularly in alkaline media),
rigidification of the molecular structure and hygroscopicity of the encapsulant. Therefore, inclusion
complexes, though useful for temporary protection and controlled release, are insufficient for long-
term industrial applications [56,57].

In addition to encapsulation methods using polysaccharides and proteins of animal or plant
origin to mitigate anthocyanin degradation, other techniques have been explored. Freeze-drying
offers limited protection, as ice sublimation generates porous structures that facilitate contact
between the pigment and oxygen. Electrospray and electrospinning processes exhibit low yield and
limited reproducibility. Likewise, although emulsions can provide good stability and protection
against oxidation, they suffer from internal droplet coalescence, which causes anthocyanins release
and promotes degradation. Liposomes, despite their ability to encapsulate hydrophilic compounds,
offer low oxidative protection due to the presence of unsaturated fatty acids in their membrane. In
ionic gelation, rapid diffusion limits its effectiveness for low-molecular-weight compounds. Finally,
coacervation allows for encapsulation with good yields, although the particles obtained are sensitive
to pH and ionic strength, which restricts their application in food matrices [58].

In contrast these methods, the present study implemented the formation of coordination
complexes with Mg? ions, yielding a new, more stable chemical entity. The octahedral complex
[n¢(anthocyanin)sMg(I)].6Cl- [59,60] was formed through coordination of Mg? with ortho-
dihydroxyl groups on ring B, providing electronic stabilization without altering the m-conjugated
system responsible for the intense blue color.

Analogous to other metal-coordination systems described in the literature, the behavior of Mg?*
in this complex shows notable similarly to that of Cr3 ion in MOF-type materials. In particular, MIL-
101 (Cr), first reported by Férey and later studied by Wee, Chinnappan and Ramakrishna (2023),
exhibits an octahedral architecture in which each chromium ion acts as a coordination center
surrounded by six terephthalic acid (H.BDC) ligands, forming a stable three-dimensional network
with the formula Cr3(F/OH)(H20)20[(O2C)-CsHa-(CO2)]3.xH20 (x ~ 25) [61]. This type of organization,
based on secondary building units, demonstrates the structures feasibility of stable metal-ligand
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octahedral assemblies. Similarly, in the present work, the Mg? ion behaves as a central node
coordinated by six anthocyanin molecules, forming a hexacoordinated complex with biofunctional
potential. Although MIL-101 (Cr) polymerizes into a microporous network, the underlying chemical
principle of octahedral coordination is equivalent: metal-oxygen interactions stabilize the structure
and modulate its physicochemical properties. This analogy with MOF systems not only reinforces
the structural plausibility of the magnesium-anthocyanin complex but also suggests that such
architectures could be adapted for developing bioactive, stable and biocompatible materials.

Anthocyanins derived from cyanidin, delphinidin and petunidin exhibit high chelating capacity,
whereas those derived from pelargonidin, malvidin and peonidin show lower metal affinity [21,48].
In this study, the anthocyanin mixture suggests a heterogeneous complex dominated by cyanidin-
type species. Reaction pH is critical: at values between 5 and 6, partial deprotonation and chelating
capacity are optimized without compromising coloration [10]. At higher pH values, quinoidal and
colorless forms predominate [57].

Natural examples of metalloanthocyanins include protocyanin from Centaurea cyanus, which
contains Fe¥, Mg? and Ca? in an intense blue tetragonal architecture [62]; and cyanosalvianin from
Salvia uliginosa, where six anthocyanins and two Mg?* produce a brilliant blue [63]. These natural
models inspired the strategy adopted here to create stable and safe colorants capable of replacing
synthetic azo or diazo dyes.

The complex [nf(anthocyanin)sMg(II)].6Cl- exhibited exceptional stability: after three years,
absorbance decrease (Amax = 520) was only 0.100 units (<6%). In contrast, free or encapsulated
anthocyanins lose more than 50% pf their initial absorbance within two months. Linear regression
analysis (y = 1.999-0.0025t; R? = 0.998) suggests first-order degradation kinetics and an estimated shelf
life of 36 months under ambient conditions.

This stability is attributed to the electronic redistribution induced by Mg?, which stabilizes the
flavylium cationic form, provides steric protection against nucleophilic water attack, decreases water
activity around the pigment, and lowers the redox potential of chelating phenolic groups [10,64].
Other metals ions, such as Al*, Fe3, Cu?, Zn?, have shown the ability to form stable complexes with
anthocyanins, although they present limitations in terms of color and safety [13,65,66]. Aluminum
complexes exhibit remarkable stability; however, their use in food applications is restricted due to
toxicity concerns [67]. Iron complexes, while providing good durability, tend to produce brownish
hues that reduce the visual appeal of products [65,68]. In contrast, preliminary studies suggest that
Mg?* may enhance the antioxidant stability of anthocyanins [69], although its specific effectiveness as
a stabilizing agent in industrial applications still requires further validation.

Taken together, the results of this preliminary study open new research avenues aimed at
developing natural colorants with functional, biocompatible and highly stable properties, with
potential applications in the food, pharmaceutical and cosmetic industries. This work provides initial
evidence that anthocyanins can behave as polydentate ligands in MOF-type coordination systems,
thereby expanding their potential not only as pigments but also as bioinspired platforms for
designing active materials. Future studies should address advance structural characterization of the
complex, its thermodynamic behavior and toxicological evaluation to support its industrial
application.

4. Materials and Methods

4.1. Reagents and Equipment

All solvents and reagents were of analytical grade and purchased from Merck (Darmstadt,
Germany). Methanol, n-butanol, petroleum ether (boiling range according to the supplier), glacial
acetic acid, formic acid, and concentrated hydrochloric acid (HCI) were used without further
purification. Magnesium oxide (MgO) was employed in pigment stabilization assays, and bidistilled
water was used for all aqueous preparations. Paper chromatography was performed on Whatman
N¢ 3 paper for pigment separation and Whatman N°? 1 paper for Rf value determination

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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(rechromatography) using descending development chambers (“artesas”) under ambient laboratory
conditions, with visualization under visible and ultraviolet light. The main equipment included a
rotary evaporator for solvent concentration, a vacuum filtration system with Biichner funnel and
kitasato flash, a UNICO 2800 spectrophotometer (USA), and a Baltalab digital potentiometer (Brazil).

4.2. Plant Material and Sample Collection

Tubers of Dioscorea trifida L. (purple “sachapapa”) were collected from cultivated plots belonging
to the Kichwa native community of Nuevo Oriente, district of Mazan, province of Maynas, Loreto
region, Peru (geographical coordinates: 3°13’33” S, 73°10’02”” W; 108 ma.s.l.). A total of 1.0 kg of
mature, healthy, and undamaged tubers from three plants was obtained. The plant material
(stem/vine, leaves, and tuber) was taxonomically identified and certified at the Amazonian
Herbarium (CIRNA-UNAP), confirming correspondence with D. trifida L. The collected tubers were
transported in sealed plastic bags to the Phytochemistry and Natural Products Laboratory, Faculty
of Chemical Engineering, National University of the Peruvian Amazon (UNAP), for processing.

4.3. Extraction and Concentration of Anthocyanins

Tubers of D. trifida L. were peeled and finely grated (approximately 0.5 kg, fresh weight), placed
in 1 L beaker, and extracted with acidified methanol (methanol + drops of concentrated HCI) under
magnetic stirring for 6 h at room temperature. The mixture was filtered, and the filtrate was
concentrated under reduced pressure in a rotary evaporator at 35°C and 120 rpm to prevent pigment
degradation, yielding approximately 120 mL of concentrated extract. This concentrated fraction was
used for (1) paper chromatography analysis of anthocyanins and anthocyanidins, (2) determination
of total pigment yield (dry extract), and (3) stabilization assays with MgO and HCI.

4.4. Paper Chromatography and Identification of Anthocyanins and Anthocyanidins

Paper chromatography separations were performed on Whatman N°3 paper for pigment
separation and on Whatman N°1 paper for Rf determination by descending rechromatography at
room temperature. The solvent systems used were n-butanol-acetic acid-water (BAW, 4:1:5, upper
phase) and 1% HCI for anthocyanins, and formic acid and HCI concentrated-acetic acid-water
(Forestal, 3:3:10) for anthocyanidins (after acid hydrolysis under reflux for 20 min at 70°C). Rf Values
were calculated as Rf = (distance traveled by solute/ distance traveled by solvent) x 100. Identification
of anthocyanins and anthocyanidins was achieved by comparing their Rf valued and coloration with
reference data from Harborne (1984) [21], Carrefio and Grau (1977) [20], Daravingas and Cain (1966)
[23], Bate-Smith (1948) [22], Markakis and Jurd (1974) [25], Smith and Luh (1965) [26], Dekazos (1970)
[27] and Lawanson and Osude (1972) [28].

4.5. Stabilization and Spectrophotometric Evaluation of the Magnesium Complex

To evaluate pigment stabilization, magnesium oxide (MgO) was used to form a coordination
complex. The proposed structure, [nf(anthocyanin)sMg(Il)].6Cl;, was based on the principles of
bioinorganic chemistry described by Vallet et al. (2009) [59] and Moeller (1961) [60], where Mg?* acts
a central cation with octahedral geometry through oxygen donor atoms of the anthocyanin molecules.
The resulting complex was measured for solubility and pH. Spectrophotometric absorbance was
measured at A = 520 nm immediately after synthesis and after 4, 6, 8 and 10 months of storage to
monitor stability, using a UNICO 2800 spectrophotometer. Data were extrapolated to 36 months
using the least-squares method (y = a + mx), where a variation of 0.1 absorbance units in the first
decimal place was considered the degradation threshold, defining the estimated shelf life.

4.6. Ethical and Environmental Considerations
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Only mature tubers that had completed their natural growth cycle were used. Experimental
procedures involved minimal reagent volumes, and the resulting residues were handled following
standard laboratory safety practices to prevent any environmental impact.

5. Conclusions

In conclusion, this exploratory study indicates that the anthocyanins extracted from Dioscorea
trifida L. could act as effective chelating ligands capable of forming a stable hexacoordinated complex
with Mg?, [n°(anthocyanin)sMg(II)].6Cl-. The resulting compound exhibited intense coloration, high
solubility and remarkable stability, maintaining its absorbance over time. These findings suggest that
metal-ligand coordination provides a more durable and structurally robust stabilization mechanism
than conventional encapsulation or copigmentation methods. The chemical stability achieved
through magnesium coordination opens promising perspectives for the development of natural,
food-grade colorants and bioactive material with potential applications in the food, pharmaceutical
and cosmetic industries.
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